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INTRODUCTION 



This course is aimed at giving you a basic introduction 
to solid state programming equipment, with special reference 
to the line of units manufactured by BRS Electronics, Inc. 

The coursers objective is to give you a working knowledge oi 
the various types of units used in building digital logic 
control systems, and some idea of how they are interconnected 
to perrcrrni the functions required by the experimenter. You 
should not expect to be able to design, build, and trouble- 
shoot «'i sophisticated system at the end of this course — this 
will probably conic only with practice. You should, however, 
be able to understand the Junctions of each unit, how rela-^ 
tivcly simple circuits operate, and develop a background which 
will laciliUiLc obtaining greater proficiency with logic 
systems • 

No prereqviisites are required for this course, other than 
an ability to read ami a motivation to learn its contents. 

It is especially designed for those who do not have backgrounds 
in electricity or electronics. A short digression on basic 
concepts in electricity is included following this introduc- 
tion — you are not required to read it, but you may I ind it 
helpful if you don’t know a volt from an an pi 

The self-teaching method used in this course requires 
that you careJYilly read each ’’frame” in turn and, i:l: it is 
followed by a question, answer it. These answers can be made 
either mentally or, better yet, written down on a piece of 
scratch paper. You should try to give your own answer to 
each question before looking at the provided answer. The pro- 
vided answers arc separated from the questions by live aste- 
risks, or ’’bullets.” A card placed horizontally on the page 
can be used to cover the provided answers until after you 
have responded on your own. 

Most frames reqviire only a single word for an answer. 

Those that require more than one word, or a statement to be 
made in your own vvfords, tire markeil with three asterisks, lor 
example, the question, ’’Wliat problems did you liave w.i.th the 
covirse *** V ” wou.Til require an answer in your 

owfii words. 



Sc'veral short ri'vicw exercises are proviiled to be used 
at the end of specific sections of the course. These are (*on- 
tained in tl*c back ol tliis booklet and you wi.ll be directed 
to them at appropriate points in the course. They are ol3 ol 
the ’’open book” variety. 
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This course is not easy, and you should expect to spend 
around 14 hours in its completion. It is recommended that 
you do not "let it go” for long periods of time. Rather some 
regular schedule -- say, perhaps 2 hours each day — would 
insure you of the least difficulty with the course. 

You can take "breaks” at any time in the program. Finish- 
ing the section you are currently working on first would 
probably be best, however. 

A note sliould also be inserted concerning the "Trainer” — 
that is, the standard set of units that should be available 
to the student f or connecting his own circuits as instructed 
in the program. Although it is probably possible to take the 
program without the use of a trainer, this is not recommended. 

Tlie experiences obtained from hooking-up — and, indeed, trouble- 
shooting -- your own circuits will likely prove invaluable in 
developing proficiency in logic circuitry. The set of units 
used in this program are not the best possible choices for a 
trainer -- they are, rather, what was available to this writer 
at the time the program was being written. For those locations 
interested in setting up their own trainer, the following BRS 
units are recommended: 



Quantity Unit Price 

1, PS-1 2b Power Supply, 12VDC P 1.4 amps $ 140.00 

1 CF-001 Table Top Rack 17.00 

1 CF-201 Card File 100.00 

1 CK-200 Standard Timing Capacitor Asst)rtmcnt 15.00 

1 T-202 Taper Pin Insertion Tool 35.00 

1 W-200 Taper Pin Wire Assortment 22.00 

2 AG- 203 AND Gate 26.00 

1 AG- 204 AND Gate 16.00 

1 CX-205 Input Converter 20.00 

6 FF-206 Flip Flop 90.00 

2 ID-201 Indicator Light 32.00 

1 IN-201 Inverter 10.00 

1 MV- 207 Multivibrator 30.00 

2 OG-202 OR Gate 26.00 

2 OS- 202 One Shot 46.00 

1 RS-201 Reset 10.00 

1 RS-202 Reset 7.00 

1 RY-205 Relay 42.00 

Total $ 744.00 



It slioiiJd be noted that tlie above unlLs, bc?yond being 
aj)])ropriate Tor student training, are aJso versatilt! (.'noiigh 
permit construction oi many research control systems, e.g., 
various schedules oT reinforcement, such as Sidman Avoidance 
Fixed Interval, Escape, and so forth. As the IVRS Company 



t 

9 



{ I 



provides a lifetime guarantee for their logic units, the invest- 
ment, relative to unit life and potential use, is minimal. 

Additionally, the BRS Company does provide a complete 
trainer of 300 series units, the Model DA-8, which can be pur- 
chased as a unit. The 300 series differs from the 200 series, 
which is used in this program, in the means used in inter- 
connecting the units. The 300 series, that is, uses front 
panel plug wires, while the 200 series uses rear connected 
taper pin wires. It is the opinion of this writer that the 200 
series is the better of the two -- and on this basis it is 
suggested that the trainer be composed of 200 series units. In 
any case, the type of units should be compatible with those with 
which the student will be working in the future. 

And nt- jn to the program. Good luck I 



BASIC ELECTRICITY 



Electricity, or more precisely electric current, has to 
do with the movement of electrons in certain materials known 
as conductors . A conductor, for example copper, is a material 
which possesses large numbers of electrons, making it more 
likely that they can be easily dislodged from their atomic 
orbits -- that is, more easily moved. 

A source of supply is essentially a combination of materi- 
als which produces high concentrations of electrons in one 
area (the negative pole) and a scarcity of electrons in another 
area (the positive pole) . The battery is an example of a 
source of supply in which electrons are forced from one place, 
marked with a plus to denote the positive pole, to another, 
marked with a minus to denote the negative pole. 

A most important factor in understanding electricity is 
that the positive pole has a great affinity for electrons, and 
that ’’free” electrons will be attracted to it. Likewise, the 
negative pole, which possesses large concentrations of electrons, 
repels other electrons. This can be summed up by saying that 
’’opposites attract and likes repel.” 

Whenever a source of supply is connected to the two ends 
of an electric circuit, as shown in Figure A on the next 
page, the Tree electrons begin almost instantly to move along 
the wires (conductors) , Their direction will l)c from the 
negative pole, whicli has a high concentration of electrons, 
toward the positive pole, which has a scarcity of electrons. 

The source, in this case a battery, keeps shuffling the elec- 
trons that it collects on its positive pole over to the 
negative pole. It will continue to do this until it becomes 
’’dead.” 

The amount of current flow has, as its unit of measurement, 
the Amp . The amp is defined as a given number of electrons 
flowing past a given point in one second. More precisely, 
if 6.28 million, million, million electrons flow past a given 
point in one second, the current is one amp. 

Tlu? amount of cvirrcnt flow is highly dc?|K?iulcnt upon both 
the force that is cxertcil by the source of supjiJy and the 
resistance that tht? electrons encounter within the electric 
circuit. The force component is, of course, dcjicndent upon 
thc’ dif.lcrence in the number of electrons between tlie positive 
and negative j)olcs. 
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The i»c?.sistance component is a function of the load in an 
t?lt'ctrit? circuit. It is the quality of the load to resist the 
jnovt?incnt nl' electrons through it. 



The I'orcc component is measured in volts , and the resis - 
tance component in ohms. The relationship of volts, ohms, and 
amps is as follov\fs : 



One volt is that force which will produce one 
amp of current in an electric circuit having a 
total resistance of one ohm . 

This relationship is the basis for Ohm’s Law, which states 
that voltage (E) is equal to the produce of current (I) times 
resistance (R) , or: E ~ I x R. 

In our electric circuit (Figure A, next page) the voltage 
is the product of 2 amps times 3:) ohms, or 60 volts. Given 
any two of these values, it is possible to determine the third. 
Notice too that as the resistance decreases, the current in- 
creases in electric circuits. In fact, as the resistance 
approaches zero the current approaches infinity -- hence the 
arcs and sparks associated with the familiar ’’short-circuit.” 

A convenient way to keep volts, ohms, and amps straight 
is to use the water tank analogy. In Figure B two water tanks 
are connected by a small pipe. There is, then, a force against 
the valve in the pipe that is determined by the amount of 
water in Tank A relative to Tank B. This force, measured in 
pounds per square inch, is analogous to volts . If the valve 
were opened, water would flow from Tank A to Tank B — this 
would, of course, be analogous to electric current . The rate 
of flov\T, or amount oT current, would be directly proportional 
to the size of’ the valve opening -- hence the size oi' the open- 
ing is analogous to eJcctric resistance . Notice tliat if the 
opening were? made as J urge as the tank itselT, i.(>, a short 
circaiit, em'pent I'low would be maximum. 
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PART I. INTRODUCTION TO THE RESEARCH SYSTEM 



Have you read the introduction? 



***** 

If you have, continue to the next frame. If not, please take the 
time to read it before beginning. 

1. The combination of a subject, his environment, and control- 
ling devices is defined here as a research system . (See 
figure 1) 

A rat, a Skinner box, and a means for the systematic delivery 
of food pellets comprises a . 

***** 

research system 

2. (Refer to figure 1.) 

The research system is composed of two subsystems: 

(1) The Organism-Environment (0-E) Subsystem and 

(2) The Control Subsystem. 

In the skinner box example, the rat and the Skinner box 
together comprise the Subsystem. 

***** 

0-E (organism- environment) 

3. The behavior of the organism is a function of that particular 

organism in combination with his environment. If the envi- 
ronment were changed, then one possible effect would be a 
change in the organism ^s . 

***** 

behavior 



•I. The behavior of the organism always influences his environ- 
ment in some way. Even minute movements influence the air 
surrounding him. All behavior has some erfect on the 



***** 



cnviroiUTient 



1 



5 . 



In figure 1, several arrows are shown pointing away ironi 0 
(the organism). These denote the effect of the organism’s 
on his environment. 



behavior 



6. It is necessary, in systems of this type, to select certain 

specific responses that are easily measured and unecpiivocal 
For study. Using the Skinner box as an example, a switch 
closi produced by a bar pressing response is used because 
it is and . 

***** 

easily measured 
unequivocal 

7. Points a, b, and c in Figure 1 represent three aspects of 

environmental change that are produced by the organism’s 
behavior and which are under study in this system. Points a, 
b, and c are changes produced by the organism’s 



***** 

environmental 

behavior 

8. Remember that the responses to be used in any system oF this 

type must produce easily m.easured and unequivocal environmental 
effects. Points a, b, and c, then, represent environmental 
changes that are both and .. 



***** 



eas ily measured 
unequivocal 






Moving on now to the Control Subsystem, wliieh aecepts these 
environment a. 1 , behavior-])roducod changes as its input (set> g, 
h, and i in Figure I.), the switch closuri! in our Skinner box 
I'xample woulil be an event to the control subsystem. 



***** 



input 
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12 . 



The function of the control subsystem is to actually al^er 
the organism’s environment in a predetermined manner. The 
output events (j, k, and 1 of Figure 1) of the control sub- 
system the subject’s environment. 






alter (change) 



The influences of the environment on the organism s 
are shown by the arrows pointed toward 0 and lESm Three 
of these points (d, e, and f) are controlled by the control 



events of the 



subsystem. In other words, the 

control subsystem alter the environment ^at points d. 



and 



f. 



***** 



output 

You may have realized by now that the control subsystem 
output ev ents are determined by the input event s. _ . 
words, the subject's environment is in part determined by 

; which is the input to the control subsystem. 



his 



***** 



13. 



behavior 

Alterine a subject's environment as a function of his 
behLlor is one basic method in psychology. The common 
aspect to a].l forms of this method is that the environment 

is altered on the basis oP the subject's ^ , and 

that the subject's behavior changes as a function oi the. e 

environmental alterations . 

***** 



J'l. 



behavior 

To review, what we have here is a closed loop. The 
organism’s behavior, which is a function of his environment, 
is the input to the control subsystem. The control sub- 
system, in turn, alters the organism’s environment as a 
function of this behavior 

Research programs specil y, in advance, the rclat^nships 
between behavior and environmental changes. Such advance 
specil ieotion is termed dynamic pro • 

***** 



prograniJiiing 



! o 
lERLC 



Dynamic programming refers to specified relationships 
between organism behavior and environmental alterations, 
in the special case where the environment is in part deter- 
mined by behavior. If the environment were programmed . but 
not free to vary, it would not be dy . 



dynamic . 



In summary, dynamic programming refers to alterations made 
to the 0-E subsystem on the basis of the organism’s behavior. 
The environment, then, is in part a function of the 
subject’s . 






bclia vior 



Referring to Figure 1, it could also be said that dynamic 
programming is the advance structuring of relationships 

between control subsystem events and 

events. 



***** 



input 

output 



The control subsystem accepts subject responses and, on 
this basis, alters the subject’s environment. It is this 
subsystem that forms the subject matter of this program , 
and it is the devices that compose this subsystem that are 
P 






programmed 



In this lirst section we have used a rat, a Skinner box, and 
a rcinrorcement control mechanism as an cxanplc of a research 
system. Anotlier example is the Wisconsin flcneral Test Appa- 
ratus (WCTA)* where the subject, the WGTA, and the experimenter 
comprise the . 



*ir you are not Tamiliar with the WGTA please omit frames 19 
through 22. 



***** 



research system 




20. 



In this case the subject and the WGTA taken together comprise 
the subsystem. 



***** 



O-E 



21 . 



In the case of the WGTA, it is the experimenter that forms the 

control subsystem, as it is the who determines what 

stimuli are presented, the manner in which they are presented, 
and the reinforcement characteristics of the situation. 



***** 



experimenter 



22 , Many U'd'VA j)rogranis are so devised that the behavior of the 

subject determines future WGTA environments. For example, as 
the subject solves one pro! lem he is normally given a new, 
novel problem. Just as with the Skinner box, then, the sub- 
ject’s behavior in some measure determines his future 

***** 



environment 



23 This example of the WGTA illustrates a very important fact: 

The control subsystem does not have to be composed of wire and 
metal and sophisticated looking electronic devices. The 
control subsystem can indeed be human. Human and non-human 
control subsystems each have their own advantages and dis- 
advantages. This program, however, is concerned with non- 
human rather than hiijnan systems, so the latter will be 
omitted from future discussions. 

(no answer required) 



24. Most control subsystems can be broken down into three por- 
tions: input, logic, and output. 



Inputj 


H 


1 Logic 1 


1 » Outputj 



The injnit i)Oftion accepts subject r 

output portion a.lti*rs the sub.lect’s e__ 

***** 

responses 

environment 

5 



, and Liic 



I 

o 
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25 . 



Taken together, the input and output portions are termed 
interface units. (See figure 1) The interface portions o.I 
the control subsystem mediate between the organism-environ- 
ment subsystem and the lo portion of the control 

subsystem. 



***** 



logic 



26. Because they interv ene between the faces of the logic portion 
and the 0-E subsystem, the input and output portions are 
termed units. 

***** 



interface 



27, The input portion of the control subsystem accepts subject 
res])onscs and modifies them into a I orm acceptable to the 
logic portion. From figure 1 you can see that converting 
switch closures, for example, into a form acceptable to the 
logic portion would be a function of the portion. 

***** 




input 

28. The translation of logic portion activity into actual envi- 
ronmental changes is the function of the output po^^t ion . 

For example, if the logic portion signals that a reinforce- 
ment is to be delivered, the actual delivery would be a 
function of the portion. 

***** 

output 

20. Converting input events into logic activity is a I unction nl 

the *" portion, and converting logic activity into 

environmental change is a function ol' the portion. 

***** 



inpvit 

output 




6 



30 . 



The portion of the control subsystem that could be best 

described as the "brains” of the system is the 

portion. 



icieieicie 



> logic 

a 



31. Tai'^n together, the Input, Logic, and Output portions form 
a *** • (Look at figure 1) 

icickicie 

control subsystem 




Perform Exercise 1 in the back of this booklet. 
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PART II. ANALOG AND DIGITAL CONCEPTS 



32. It is apparent that most control subsystems require input 
events that are essentially discrete in nature. Behavior, 

however, rather than being discrete is cont 

in nature. 

icicicicic 

continuous 



33. Information that is continuous in form is termed analog 

information. A motion picture of a behaving organism yields 
information (as perceived by the viewer) . 

***** 

analog 



3M. Analog information that has been sampled often and quantified 

into discrete numbers is called digital information. Recording 
the rate of a specified response while watching a motion 
picture yields information. 

***** 

digital 



35. Analog is to continuous, as is to discrete. 

***** 

digital 



36. A graphic representation of a subject's blood 

pressure is also an example of information. 

It may look like this: 







***** 



analog 
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37. To meaningfully describe the above blood pressure record 

requires, however, that it first be converted into some form 
of information, 

***** 

digital 

38. We could, for example, record the number of times that the 
pressure goes over a specific value, such as 320 mm. of 

mercury. In so doing we have converted from 

information (pressure) to information (frequency 

count per unit time) , 

***** 

analog 

digit.'iJ. 

30. But, more precision would Ije obtained, wouldn’t it, if we 

set two or more values, and recorded the number of times that 
the pressure went over each? 

***** 

Question is rhetorical, and requires no answer. 



MO. We could, for example, record the number of times that the 

pressure exceeded 115 mm, 120 mm, and 125 mm of mercury. This 
would more accurately describe the "true” state of affairs 
regarding the subject’s blood pressure. 



Ml. This illustrates a basic fact about analog to digital conver- 
sion. In sampling analog information, discontinuity is 
introduced as a function of the rate at which the data are 
sampled . IT the time interval between seimples is reduced, 
this discontinuity will also be . 

***** 

rciluccd 



M2, ir the sampling interval is reduced to zero, 

information will be retained intact, as we would then record 
continuous behavior intact. 



***** 



analog 



1 




u 



43. 



To siuTunarize^ the organism, in the research system, con - 
tinuously generates information. 



•kickirk 



analog 



MM. l'\/henever analog information is converted into digital form, 
some information is necessarily lost. The researcher must 

choose, then, between large amounts of unwieldly 

information and, by necessity, incomplete information. 

•kickirk 

analog 

digital 

•I 5. The experimenter can either record, to the best of his ability, 
this analog data intact, or he can select out certain portions 
of it, with reference to a time base, thereby obtaining 
information. 

•kickirk 

digital 



M6. A rat in a Skinner box is continuously generating 

information, as he is continuously behaving. 

kifklclc 

analog 

47. Whien we specify a given response to use as an input to the 
control subsystem. For example a switch closure produced by 
a physical force of specified magnitude, we have sampled 
this analog inl'ormatlon in a ________ manner. 



***** 



digital (discrete) 
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PART III. THE BINARY NUMBER SYSTEM 



48. Early number systems were unwieldly and awkward to use. One of 
the simplest, a mark for each unit, cannot be used to express 
large quantities. A later improvement, Roman Numerals, over- 
came this disadvantage, but was not amenable the operations 
of simple arith . 

***** 

arithmetic 



49. With the Arabic, or decimal, number system common arithmetic 
operations can be easily defined and used. An advantage of 

the decimal system, then, is the ease with which 

operations can be performed. 

***** 

arithmetic 



50. A basic featu e of the Arabic system is that the operations 
correspond to true life operations. Just as the input 
portion codes events into logic activity, so the Arabic 

system real life operations into arithmetic 

operations. 

***** 

codes 



51. The decimal system uses ten symbols representing the quanti 
ties 0 through . 

**•,(:** 



52. Other numbers are constructed by assigning different values 
or weights to the postion of the symbol relative to the 
decimal point. The value of a number, then, is dependent upon 
its relative to the decimal point. 

***** 



position 






wtm 






53. The quantity represented by a decimal number, then depends 
upon its relative to the decimal point. 

position 

5M. For example, the number 008. represents the quantity eight 

uniits, while the number 080. represents the quantity 

eighty units. The quantity represented, therefore, depends 
on the of the number relative to the decimal 

point . 

^ ***** 

\ position 

\s. From this we can see that each position in a decimal number 
^ has a value which is ten times that of the next position to 

\ the right. Thus, the value of 080. is times that of 

\ 008. 

\ ***** 

h. 

\ 

56. Moving a number one position closer to the decimal point ^is 
the same as that number by 10. Thus 080. divided 

by ten equals 008. 



***** 



dividing 



57. In sum, each position relative to the decimal point has a 

weight. This positional weight is determined by the number 
of svmbols used in the number system. Because the decimal 
system uses 10 symbols, each position has a weight that is 
some multiple of . 






10 



58. In the decimal system, the positional weights are determined 
by the fact that ten are used in the system. 



***** 



symbols 
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59. In the decimal system every positional weight is a multi- 
ple of ten and can be expressed by ten raised to some 
power. 

The ones position is 10° 

The tens position is 10^ 

The hundreds position is 10^ 

The thousands position is 

***** 

10 



60. The progression of increasing exponents can be continued 
as far as desired to the left of the decimal point. Each 
position to the left increases the value of the exponent 
by , which increases the weights in multiples of . 

***** 

1 

10 



61, The same progression can be extended to the right of the 

decimal point, but here the exponents will be 

instead of positive. 

***** 

negative 



62. For example, the first position to the right of the 

decimal point is the tenths position. It has a weight, 
on the basis of its , of 10“^ 

***** 



position 
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The following diagram represents the general solution for 
any decimal number: 




Powers of t^ are used as positional weights because there 
are symbols in the decimal system. 

irkifkit 



tr’M 



To review, the number of symbols in any number system 
determines the value of the weights assigned to the 
positions relative to the decimal point. 



Two advantages accrue to number systems having a fixed num- 
ber of symbols: (1) There is only one way that any given 

munber can be written, and (2) there is only one value 
that can be assigned to any given number. For example, ^ 
given a quantity of XXXXXX units, with each X representing 
one unit, the only way that this can be written in the 
decimal system is with the symbol 

***** 



6 



Likewise, the only value in terms of units that can be 
ascribed to the symbol ”5” is XXXXX units. Given any 

symbol, there is only one that can be assigned 

to it^ and given a quantity of units, there is only 
one tliat can represent that quantity. 



vaJ lie 
syiiihoj 



***** 



We have said that the weights assigned to the positions 
are determined by the number of symbols in any given number 
system. If the number of symbols were changed, then these 
would also have to be changed. 

***** 

weights 



A general rule of any number system that provides only one 
way to write a number and only one value for any number 
is that the weights of the positions are equal to powers 
of the of symbols in that system. 

***** 

number 



The nujuber of symbols used in any number system is called 
the radix of that system. The decimal system has a 
radix of 



***** 



ten 



Ten is not a magical number; there is no reason why the 
number of symbols could not be more than or fewer than 

ten. It is by convention that the system 

uses 10 symbols. 



***** 



decimal (arabic) 



The diagram below represents the skeleton of a general 
number system with a radix of R. 



rT 


• • • 








0 .® 


• 


-1 

ft. 


•2 

ft. 




^ 

• • • 


-X 

ft. 









The value oT R, tlic radix, corresponds to *** 

in the system. 



***** 



thf! number ol’ symbols 



15 



72. The binary number system is most often used in logic and 
computer applications. Since it has only two symbols, 

0 and 1, it has a radix of and the positional weights 

are powers of . 



***** 



2 

2 



73. Following the skeleton of the general number system, the 
positional weight of the first position to the left of 
the decimal is equal to 2°, or one.* Therefore the quan- 
tity represented by the binary number 001. is , just 

as it is in the decimal system. 

*Any number raised to the zero power equals one. 

***** 



1 



7i|. Taking the second position to the left of the decimal is 
another case however. Here the positional weight would 

be 2^ or . Therefore, the decimal equivalent of the 

Ijinary number 10. would be . In words, this could 
be stated as "one 2 plus zero I’s," reading the number 
from left to right. 



***** 



2 
• 1 



75. As was stated earlier, the binary number system has only 
two symbols, 0 and 1. Each 1 in a binary number repre- 
sents some value that has a decimal equivalent, the 
value ol this ilecimal number being deterinined by the 
of the 1 relative to the decimal . 



***** 



position 



76. The third position to the left of the decimal has a 
positional weight of 2^, or M. The symbol 1 in this 
position has a decimal equivalent of . 

***** 

M 
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7 7 . Taking the binary number 111 . , then, we can see that the 
decimal equivalent of the whole number would be equal to 
the sum of , , and , or 7 . 



M 

2 

1 



78. The following skeleton facilitates determining the decimal 
equivalent of binary numbers: 



C ^ 



iTIAM 

__ _ _ ^ • it 

DfiCIMAi. f ^ 

The value of the binary 00100111. then, is . 



4r4r4r4r4r 
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79. The easiest way to convert a biriary number to its decimal 
equivalent is to I'irst lay out a table using the binary 
positional weights: 

32 16 8 it 2 1 

1 0 110 1 

Then insert the binary number below the positional weigjits, 
and simply add up those columns having a 1 in them. Ihe 
number above, then, has a decimal equivalent of 32 + « + 
i| -H 1 = 05. 

Convert the l ollowing binary numbers to their dccinial 

eciiiivnlcints: 3 0 10 -• 

10 3 11= 



***** 



10 

23 



17 




80. To convert from a decimal to a binary ni^ber, first 

subtract the largest power of 2 which will go into the 
number being converted. For ex^ple, to convert Mb 
to the binary system, we would first subtract from 
M5 the value 32 (or 2 5), leaving 13. Then lay out a 

table : 

64 12 ^ 8 M; 2 1 

0 1 

and put a 1 in the 32 column. (A 0 can be placed in 
all columns to the left of the 32 column, as it is ^ 
obvious that these will never be used for this parti- 
cular number.) 

Then subtract from the remainder (13), the largest power 
of 2 that will go into that remainder, and again place 
a 1 in the appropriate column. Fill zeros in to the 
1 e ! t a s required . 

6M 12 16 8 4 2 1 

0 10 1 

The remainder now is 5, from which we obviously 

subtract , as this is the largest power of 2 

that will go into 5. 

***** 



M 



81. We now have 

6M 12 16 8 ^ 2 1 

0 1 Oil 

with a remainder of 1. Obviously, a 0 should be 

placed in the column and a in the 1 column, 

completing ovir conversion. 



2 

1 



***** 



82 . 



Convert the number 78 to binary form, showing your sub- 
traction and tally columns. 



***** 

32 16 8 M 2 1 

T 1 1 1 

Then: 78 

-GM 
m 
- 8 
6 

- M 

2 

- 2 

0 

Finaaiy, fill in all zeros, giving 100110 =78 



83. In the same l ashion the bin iry number 10101. has a 
dccimcil equivalent of . 



***** 
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8M. Hov\r about the numbers 11111? 10111? 110000? 

***** 

31 

23 

•18 

S.S. As vviLii the (leeiiua.l system, simple arithmetic operations 
can be per •I’med with binary numbers. T’irst, wc! wil.1 
coMsiilcr binary aililitii>n. 

The I’irst Kiile binary addition is: 

0 

±0 

0 

Or, just as in the decimal system, zero added to zero 
equals . 

***** 

I) 
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86. Now, consider the addition of zero and one: 

1 . 

+ 0 . 

1 . 

Again, this is equivalent to the decimal system, 
where 1 plus 0 equals 1. This Rule holds for other 
positions relative to the decimal as well. Solve: 

101 . 

•fOlO. 



Answer ________ binary form) 

•kicicicit 



111 . 



It is always possible to check computations of this 
sort by converting the binary values into their 
decimal equivalents. Write, in decimal numbers, 
the following problem and its solution: 

100011. 

-t-010100. 



***** 




35 

+20 

55 



88. We now have two Rules of binary addition: 



0 -I 0 ■-= 

1 I- 0 - 

***** 



0 

1 



89. The next step is the case where we must add two I’s 
together: 

1 . 

+J . 

?. 

(Continueil on next page) 





20 




To aid the solution, first convert these numbers into 
decimal equivalents, where they both equal one. The 
answer, then, must be equal to the decimal value of two, 
which is the binary number . 



***** 



10 . 



90. We have found, then that 



1 . 

• 1 - 1 . 

10 . 



The third Rule, then, is that 1. -f 1. =0 and one to carry. 
Apply this rule to the following problem, giving the answer 
in binary form: 



101 . 

-flOl. 



Answer 



***** 



1010. 



91. A more difficult problem is: 

101 . 

-fill. 



Wliat do you get for an answer? _ 

***** 



1100. 



92. If you diiln’t got 1100. as an answer you did soiiiotliing wrong. 
Working it out: 

Column il ii £ 

1 0 1 . 

_1 1 . 

Adding tlie two I’s in Column C gives 0 -f 1 to carry to 

coliuiin b. We now have ???0. in the answer 

Adding the two I’s that are now in column b also gives 0 

0 -f 1 to carry to column a. We now have ??00. in the 

answer. 

Adding, finally, the three I’s in column a yields 1 -f 1 
to carry. This gives the answer of 1100. 
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93. The fourth Rule of addition^ then, is 

l + l + l = l-flto carry. 

This makes sense, as 1+1+1 in the decimal system 
equals 3, which is written binarily as . 

11 . 

94. Try this one Lor practice: 

101101 
+ 1010 

Which equals the binary , having a decimal 

equivalent of . 

***** 

110111 

55 

95. We will now consider binary subtraction. The first Rule 
is 0 - 0 = 0, vvfhich again is the same as in the decimal 
system. Therefore 

0000. 

- 0000 . 



equals . 

***** 

0 



‘)(j. N(*xt considei* the prob-lem: 



:i. 



-n. 



Again, wc are the same as the decimal system, where one 
minus zero equals one, so the answer here is . 

***** 



1 . 




97. The second Rule of subtraction, then, is: 

1 . - 0 . = 1 . 

On this basis, solve; 

110011 . 

-000000. 



Give binary and decimal equivalents again, 

***** 

110011 

51 

98. Tlic next step is to look at 1 - 1 = ? 

As you might expect, the answer is o. So our third rule is 
1 - 1=0 

Solve, giving both binary and decimal equivalents: 

11110 . 

- 10100 . 



***** 



01010. 

10 



09. Only one more rule for subtraction remains: 

0-1=1 and 1 to borrow 
In the problem 

Column ^ ^ £ 

10 0 . 

-0 1 0 . 

0 10 

subtracting in row b requires that we borrow the 1 Crom 
culiimn a, leaving a 0 in the answer of column a. Now 
solve th\ following, again giving binary and decimal 
equivalents : 

101101 . 

-011001. 



***** 



10100 

20 



23 



100. 



101 . 



For more practice, solve the following, giving both 
binary and decimal answers: 

110101 . 

- 011111 . 



RememberXthe rules: 

\ 

0 - 0 V 0 
1-0 =\1 

1 - 1 = (\ 

0 - 1 = 1 X' 1 to borrow 

\ 



010110. 
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Perform Exercise 2 in the back of this booklet. 
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PART IV. THE LOGIC SIGNAL 






102. Within the control subsystem, electrical signals are 
generated that correspond to input and output events. 
The subject’s responses, then, are first translated 
into . 



***** 

electrical signals 



103. The Logic Signal, then, is elec in nature, 

and is defined in terms of electrical values. 

***** 

g 3 cctrical 



10<l. A Logic Signal consists oF four possible conditions. Two 
of these, ON and OFF, are termed continuous states . When 
the Logic Signal is either ON or OFF, it is said to be 
in a 



****** 

continuous state 



105. Refer to figure 2. The ON and OFF continuous states 
are defined logically by a voltage differential. For 
our purposes we will define the ^ state as the 
absence of voltage (zero volts, or ground potential) . 
Zero volts, then, indicates that the Logic Signal is 

***** 

on 



100. It is very important to remember that ON is dc Fined by 
NO voltage (spell ON backwards and you have NO) . 
Admittedly, this is the reverse of common sense, but 
that’s just the way it is. 

107. The OFF state of a Logic Signal is defined here as the 
presence of a negative twelve volts DC*, (-Iti VDC) . 
When a -12VDC is present, the Logic Signal is . 

*Direct Current 

***** 



OIT 
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108. 



The specific voltages used to define ON and OFF are re- 
ferred to as Logic Levels’?? In our case, the Logic 
Levels are volts for OFF and volts for ON. 



*Logic levels vary with the manufacturer of 
logic equipment 



***** 



-12 

zero 



109. 



The logical ON 
The absence of 
that the Logic 



is often referred to as the ”1” state, 
voltage, or ground potential, indicates 
Signal is in the state. 



***** 






110. Just as "1" refers to the logic function of ON, so "0" 
refers to the logic function of . 

***** 



OFF 



111. Ground, or zero volts, is to ”1" as -12 VDC is to 



***** 



” 0 ” 



112. Referring to Figure 2, which graphically shows a logi 
signal: The logic function of OFF is represented in 

the figure by the letters & , as these points are 

at a -12 VDC. 



***** 






c 



113. 



In Figure 2, the logic function of ON, or 

is represented by the letter , as this 

zero VDC, or ground. 



the ^’1” state, 
point is at 



***** 



c 
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IIM. 



The ”0” and ”1” states are, however, only two of the 
four possible conditions of the Logic Signal. It is 
apparent that if the Logic Signal is neither ON or 
OFF, it must be somewhere in between. That is, it 
must be either positive-going (OFF to ON) , or 
(ON to OFF) . 



***** 



negative going 



115. The positive-going and negative-going states are termed 
transition states. Whenever the Logic Signal is 
neither ON or OFF, it is in a • 



***** 

transition state 

116. If the Logic Signal is going from ON (zero volts) to 

OFF (-12VDC) , it is said to be in a negative going 
state. 

***** 

transition 

117. ir the Logic Signal is negative-going, it is moving 

from the state to the state. 

***** 



”1” (ON, ground) 
”0” (OFF, -12 VDC) 



118. The occurrence of a subject response will, generally 
speaking, be represented by the logic function of ON 
or VDC, signal. 



***** 



zero 



119. Wlicncver the Logic Signal is moving from the ”0” state 

to the ”1” state, it is said to be in a 

transition. 

***** 



positive going 
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120. 



In Figure 2 , the positive-going transiton is indicated 

by the letter , while the negative-going transition 

is indicated by the letter . 

***** 

b 

d 



121. To review: ”0” state = OFF = -12 VDC 

”1” state = ON = 0 volts = Ground Potential 

It is helpful if you keep these straight! 



122. A second type of electrical signal used in digital logic 
control subsystems is the Special Reset Signal (see 
Figure 3 ) . As can be seen, the Special Reset Signal 

consists of instantaneous going transition 

followed by a trailing off to the OFF voltage. 

***** 

positive 



123. The functions of the Special Reset Signal will be dis- 
cussed later. Briefly, it is used to ’’clear” data from 
logic units at appropriate points in time, e.g., when a 
new subject enters the experimental environment. When- 
ever a ’’clear line” is desired, a 

wovild likely perform this function. 

***** 

special reset signal 



12M. Perform Exercise 3 in the back of this booklet. 
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PART V. DIGITAL LOGIC SUBSYSTEM -- INPUT PORTION 

125. The basic function of the input portion is to convert 
subject behavior into logic level signals. The input 

to the input portion is subject behavior, and the output 
is in the form of signals. 

'k'k'k'k'k 

logic level 

126. Usually a unit called an Input Modifier, Input Converter, 
or CX Package perform.-', this conversion function^r We 
will use the term Input Converter, symbolized ”CX”, in 

this program. The converts subject 

behavior into signals. 

^Terminology varies with manufacturer. 

•j. •*.•*** 

Input Converter 
logic level 

127. The function of converting subject behavior into logic 

signals is performed by an unit. 

***** 

Input Converter (CX) 

128. The major function of the Input Converter, or CX, is to 

convert, or code, input events into signals. 

I 

***** ) 

! 

logic level 

129. ReCer to Figure <1, which shows a basic circuit u.sing 

a CX unit. The CX requires a switch closure at the 
input jack to generate an output. In Figure <1, this 
is shown by the two wires from the telegraph key 
connected to the input jack, labeled "External Contacts, 
N.O.’’ N.O. means ’’normally open,’’ i.e., the contacts 
of the telegraph key are until it is depressed. 



***** 



open 



er|c 
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130 



131 



In Figure M, then, the input to be coded is in the form 
of a ^ closure at the CX unit input jack, 

that thisTwitch can be physically separate from the CX 
unit, and connected to the unit through wires. 



***** 



switch (telegraph key) 



Wlienever a "short" circuit is connected across the input 

jack terminals of a CX unit, an output is 

the output pin. If a switch connected to the input is 

clLed, the output will go from OFF to . This is 

shown in the lower portion of Figure 



***** 



ON 



qpo Fieure M . The CX unit also has two pushbuttons on 
the “^Tol the unit. One of these, labeled "Manual 
Operate", functions In parallel with the juuk. 

Therefore, pushing the "Manual Operate’ pushbutton 
results in a change from to ON at the output pm. 



***** 



OFF 



133. The other pushbvitton, labeled "Reset, provides for 
reset function. Depressing this button ® 

Special Signal at the Reset Output pm (s 

Figure M) . 



***** 



Reset 



13M. 



As can be seen in Figure M, the closing o 
key (shaileil portions ol’ tlie graph) is cocicci 
function of ON, while the periods that the 
are represented logically by . 



tlu! teli^graph 
into the logic 
key is open 



***** 



OFF 
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135. To review: "0” state = OFF = OPEN = -12 VDC. 

IVlien the key is ^en, the output of the Input Converter 
will be . 

***** 

OFF (at - 12VDC) (in 0 state) 



130. Whenever the telegraph key is depressed, however, 
the output of the Input Converter will be at the 
volt level. 



***** 



zero 



137. Using the ”0” state - ”1” state terminology, the 

closing of the telegro)h key is coded into the 

state, while the periods that it is open are represented 
by the state. 



***** 



’' 1 ” 

” 0 ” 



138. A switch closure, or more precisely a physical force 
translated into a switch closure, is the most common 
input event used in control subsystems. The telegraph 
key is an example of the translation ol’ an organism’s 
behavior into a closure. 



***** 



switch 



13’). One of the ma.jor problems encountered in using sv\/itch 
eJosures as input events is that most switches have 
a characteristic known as ’’contact bounce.” (Sec Figure 
•I) Simply enough, this is because the switch contacts 
b between the open and closed positions. 



***** 



bounce 
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mo. 



mi. 



m2. 



This bouncing (rapid opening and closing of the switch 
contacts) may repeat several times in rapid succession. 
If the CX is fast enough, it can be expected that each 
switch closure during the bounce period will result in 
from the CX unit. 






output 



Mjst Input Converters eliminate the bounee by rejecting 

signals faster than W ger second . Contact 

might be expected, is at a higher rate than 1_ 



***** 



i|l) per second 



A second function of the CX unit, then, is 

from the input events to be 



to eliminate 
coded . 



***** 



contact bounce 
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PART VI. DIGITAL LOGIC SUBSYSTEM - OUTR1T PORTION 



143. Just as Godinff refers to the translation of external 

events into logic level signals, so de 

refers to the conversion of logic. level signals into 
electrical impulses acceptable to associated external 
devices . 

***** 

decoding 



I'I'I. The decoding l.unction is performed by the output 
portion of the Control subsystem. In the output 

portion, logic level signals are into 

signals used to control other, external devices. 

***** 

decoded 



145. Three broad classes of output devices can be 

identified: 

(1) Those which indicate the current status of the 
research system, or Indicators . 

(2) Those which record the events occurring within the 
research system, or Recorders . 

(3) Those which actually effect the environmental 
changes associated with the output ol' the control 
subsystem, or Converters . 



141). Conditions currently in effect within the research 

system are indicated by Ind output devices . 

***** 

Indicator (Indicating) 



147. An indicator light, indicating to the ex])erimenter tliat 
a signal light (S^ is being presented to the subject, 

at that moment, is an example of an output 

device. 



**:V** 



indicating 
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1M8. Indicator lights, symbolized ID, are very useful aids 
to the experimenter. Generally they are used to 

indicate the of the research system. 

Schematically, they are represented by the diagram; 




current status 



1M9. Indicator lights respond to logic level signals. If a 
logic ON (ground) is applied to the input pin of an 
indicator light, the light will also be . 

***** 



ON 



150. In terms of voltages, a -12 VDC signal applied to the 
input of an ID means tliat the light will be . 



***** 



OFF 



151. Another type of output device records occurrences within 
the 0-E subsystem, preserving them for later analysis. 

A ciimulative recorder, which records subject responses 
over time, is an example of a _ output device. 

***** 



rccortling 



152. Another type of recording output device is the digital 
counter. Like the ID, these counters also respond 
to leveJ signals. 

***** 

logic 



3M 



o 



153. Kiicli positive going transition applied to the input 
pin of a digital counter results in the stepping of 
the counter to the next highest digit. If six positive 
going transitions have been received, the counter 
will read . 

***** 

6 



15M . finally, some output devices are associated with 
c]\anging the organism’s environment in accordance 
with the pretletermined program. Inc3.uded in this 
category are reinforcement dispensers, stimulus 
presentation devices, and all other programmed envi- 
ronmental events. All of these units have the conunon 
feature of the organism’s environment. 

***** 

changing 

155. The output devices which actually change the subject’s 
environment are called converters , because they 

logic level signals into conditions 

suitable for external equipment . 



150. Various types of output interface units are used 
in conjunction with each of these three basic 
categories of output devices. They will be 
discussed in more detail following an introduction 
to tlie -logic portion of the control subsystem. 

157. Perform fxercise M in the back of this booklet. 
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PART VII. DIGITAL LOGIC SYSTEM: LOGIC PORTION 



Section 7 . 1- - Physical Characteristics and Interconnections. 

158. Before proceeding, it is necessary to discuss the physical 
makeup of the control subsystem, and the means used in 
interconnecting the individual units of the control sub- 
system together. First, inspect the equipment included 
in the ’’trainer.” 



159. It can be seen that a frame, or ’’card file,” containing 
MO receptacles, is used to hold the individual units. 

Each logic unit plugs into one of the receptacles. 

Using the card extractor (attached to the right side of 
the file) remove one of the units, remembering which slot 
you took it from. 



160. Each unit, as you can see, consists of a front panel, 
which contains any pushbuttons, jacks, etc., used in 
the unit, a card made of iiberboard on which the cir- 
cuitry is mounted, and a series of metal contacts which 
mate vvfith similar contacts inside the receptacle. 



161. The rear of each receptacle (on the back ol tlie card file) 
consists of 15 pairs of small holes, which are made to 
accept taper pin wires. The taper pin wires are used 
to interconnect the individual units. 



162. Replace the unit you have removed. 



163. The holes on the back of the receptacles are lettered 
a through s, skipping, g, i, o, and q. Each letter is 
associatod with two IioIgs^ which are electrically 
common. That is, connecting a wire to the lett hole 
ol' a pair is the same as connecting it to the right 
hole. (This is a versatility feature, allowing tlie 
researcher to easily connect two wires to the same point.) 



16M. Refer to Figure 30. Figure 30 contains schematic diagrams 
of all of the units in the BRS 200 series. Generally, 
each unit has at least one input and one output. The 
letters that identify connection points in Figure 30 
correspond to the letters on the back of the receptacles 
on the card file. Note also that many of the units 
are composed of more than one sub-unit . Locate the 
AG- 203 unit. As you can see, there are actually two 
separate AG units mounted on a single card. 
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165. 



166 . 



167. 



168. 



169. 



170. 



: 173 

{ 

i 



j 

ERLC 



Locate the CX-205 unit in Figure 30 and the actual 
unit in the card file. You can see that the Face 
of the unit has a jack for the input and two push- 
buttons -- Manual Operate and Reset. The normal output 
will be at pins F and H, which means that the output 
wi31 be present simultaneously at M pins -- the tv\^o 
associated with F and the two associated with H. 



As noted earlier, the CX unit also pcrJornis a reset 
lunction. The reset output is at pins J and K, 
and will be present at these points whenever the 
reset butt(.in is depressed. 



Pin S is connected to ground and pin A to a -12 VDC 
povN^er supply. Verify this by tracing the output oJ: 
the power supply to its points of connection on 
tlu! card File. 



Now 3ocate the Indicator, or ID- 201, unit on Figure ^ 

30 and in the card File. Notice that the unit contains 
Four separate units, vdiich are associated with the 
Four input pins, C, F, J, and M. Applying a logic ON 
to ciny one oi these four pins will light the ID 
lamp associated with that pin. 



Refer to Figure 31, which represents the rear view n 
the card file. The MO boxes represent the MO 
receptacles, each of which accepts one logic unit. 



In Figure 31, two units are shov\?n plugged into the 
card file -- a CX-205 and an ID- 201. Pins A and S 
are shown connected to the power supply. A telegra])h 
key fwc w313 use a micro switch) is shown connected 
to the N.O. .lack on the CX; At this point, per form 
the following operations; (Refer to I'lgurc t 1, wliK’h 
shovvrs these interconnections.) 

(I.) Plug the micro switch into the CX unit, N.O. 
input jack (plug is already attached) . 

(2) Connect a taper-pin wire from the output (d the 
CX unit (Pin F) to the input of the top ID light 
(Pin C) . (A tool is provided for inserting and 
removing taper pin wires -- if you don’t know how 
to use it, just push the wires in v\^ith your hands 
and ask later how the tool works.) 

(3) Turn tlic power supply switch to ON. 
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J72. You now have a working circuit, consisting of a svv/itch- 
closure input to the CX unit, and the output of the CX 
unit connected to an ID unit. When the switch is closed, 

the output of the CX will be ON at Pins and . 

(See Figure 30) 



***** 



F 

11 



173, Pin I’ of the CX is connected to Pin C of the ID. Wlien 

the CX output is ON, the top ID will be . (Depress 

the swritch to see what happens.) 

***** 



ON 



17M-. Therefore, u^henever the telegraph key is depressed, the 
top ID will be . 



***** 



ON 



175. We also know that the output of the CX will be ON if 

the ’’Manual Operate” pushbutton is depressed. Therelore, 
the ID can be turned ON by either depressing the tele- 
graph key or by Depress 

the Manual Operate button to check your answer. 



***** 



pressing ’’manual operate” 



176. Turn power supply OFF and remove the wire connected earlier 



177. At this point it is necessary to introduce three simple 
rules for properly wiring logic equipment: 

1. Keep the wires as short as possible.* 

;j. Never wire with the power ON. 

3. Never eonneet two logic unit ’’ouLpiilrs fogetliei 
We will have reason to revievv^ these rules later in the 
j)rograiii. 

*This is ofteji done by proper placement ol units in the 
card file -- wliieh will be impossible here as unit 
positions are ’’fiKcd” for this program. 
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178. 



17 



180. 



181. 



Section 7 . 2 - The Flip Flop 

The logic signal, as noted earlier, is del. ined as a 
voltage dilferential between the ”0” and ”1” states. 

The ”0” state is defined as VDC and the ”1” state 

as VDC. 






y.QVO 



Tliox'o iwv M possible conditions ol the loj^ic signal: 
ON, OFF, Positive-going, and Negative-going. A 
positive-going signal is one that is in the process ol 
changing I’roni a -ltd VDC to VDC, wliiJc a negative- 

going signal is one that is changing I'rom 0 VDC to 



0 

-12 VDC 



Tlicre are, generally speaking, two broad classes ol’ 
Jogic units that are used in the control subsystem: 
(1) Units responding to continuous states and (2) 
Units responding to trans states. 



***** 



transition 



The class ol' units that respond to transition states 

respond ( )nly to positive going, or to 

. tj'ansitions. These are: 

(1) nil) I lop 

(2) One Shot 
(-1) Kesi't 
(M) Invcrtc!r 



***** 



negative to positive 
or 



(-i;^V to OV) 
(”0” to ”1”) 



V) 



182 . 



The flip flop (FF), or bistable multivibrator, is basi- 
cally a storage unit. Input events can be with 

the use of a flip flop. 



***** 



stored 



18-). Kerer to FigLirc 5. Basically, the flip flop responds to 
input signals by changing its state from "0” to ”1” or 
vice-versa. If tlie flip flop is in the "0” state, an 
input signal can be used to change it to the state. 

***** 

ftj tf 



18M. Conversely, if the flip J i op is in the ”1” state, an 
input signal can change it to the state. 

***** 

” 0 ” 



185. Referring to Figure 5, changing the state of the flip flop 

is accomplished by applying a pos going transition 

signal to the appropriate data input pin. 

***** 

positive going 



186. The positive-going transition signal must be applied to 
the pin associated with the state that the I lip I lop is 
currently in to accomplish the change of state. From 
Figure 5 it can be seen that if the flip flop is in the 
”0’’ state, a positive-going signal must be a|)|)licd to 
the set input pin. 

187. II’ the flip fJop is in the ”0” state, a positive-going 

transition applied to the set input pin v\^ili cdiange it 
to the state . 



***** 



” 1 " 



I-IO 



188 . 



189. 



190 . 



191. 



192. 



1 

o 

ERIC 



Conversely, a positive-going signal applied to the reset 
input pin will, if the flip flop is in the ”1” state, 
change it to the state. 

***** 



” 0 ’^ 



In order lor a positive-going transition applied to the 
reset input pin to change the state of a flip flop, it 
is necessary that the flip flop be in the state. 

***** 



” 1 ” 



Tlu! ilata input set and reset pins respond to positive- 
going transitions. They respond to which portion (s) ol 
tlie following logic signal? 




***** 



b 



The output of a flip flop is a continuous signal. IT 
the flip Hop is in the ”1” state, the ”1" output j)in 
will be at a continuous volt Jevcvl, or ON. 



***** 



■/.ero 



ir the flip flop is in the "O” state, tlic ”0” out]>iit 
pin wi31 be at a continuous volt level. 



***** 



'll 



zero 



l‘)3. 



lOM. 



19 5. 



19b. 



197 . 



II the "1” output is ON, then the ”0” output will be OFF, 
or at a volt level. 



***** 



-12VDC 



A flip flop is always i n either the ”0” or the "1” state, 
ir one of the output pins is ON, then the other must 
be 






OFF 



Refer to Figure 5. The selectable output pin is used to 
select, by means of a switch, either output ”0” or^ 
output "1” for use in the oircuit. If the switch is in 
the ”1” position, the selev table output pin will be ON 
only if the flip flop is in the state. 

***** 



Tlie "Uiode Reset,” ’’Direct Reset,” and ’’Direct Set” pins 
nil recjuirc the Special Reset Signal to operMte. 

A Special Reset Signal applied to the ’’Diode Reset” pin 
always results in a ’’clear line.” That is, if the flip 
flop is in the ”1” state, a reset signal will always change 

it to the state. 



***** 



0 



If the flip flop is already in the ”0” state, the Special 
Reset Signal applied to the ’’Diode Reset” pin will 
*** 



***** 



do nothing (or some such) 



108. 



190. 



200 . 



201 . 



202 . 



The Direct Reset and Direct Set pins peri orm the 
same function as do the reset and set input pins, ex 
cept that they require the Special Reset Signal 

instead of a *** * 



***** 

positive going transition 



ir the flip flop is in the "0" state, a 

Signal applied to the Direct Set pm will put the 

flip flop into the state. 



***** 



" 1 " 



The Imlieator Light (which is usually optional, depending 
upon the manul'acturer) connected to the 1 output pin 
indicates the current status of the Hip flop, 
flip flop is ON, the lamp will also be . 



If tlie 



***** 



ON 



In ”T” operation a jumper wire is connected between 
the set and reset input pins. This causes the 1:1 ip 
flop to change states on ever:y positive going transi- 
tion, irrespective of its current state. In T opera- 
tion a jumper is connected between the and 

input pins . 



***** 



set 

reset 

If a f]ip Hop is connected for ”T” operation, and il 
it is in the "0" state, a single positive-going transi 
tion applied to the”T" will change the llip flop to 
the state. 

***** 



" 1 " 



'13 



Section 7.3 - Storage , or Memory 



2^03. One of the basic uses of the 

memory. Figure 6 shows a single flip flop ana rwo 

lights connected in a memory circuit. 

'20'l. Figure 32 shows the way m 

-.res 30 

and 6 . 

? -i:ars i“3r 



the CX Output to the 



***** 



sot 



206. 



Confirm that reset output of the CX is ^ the 

Diode Reset of the flip flop on Figure 3^ . II the 
Reset pushbutton on the CX is presse , 
always wind up in the state. 






0, or OFF 



V07 The FF "1" output pin is connected to the top ID- 201 
iVt at Pin (See Figures 6 and 32). 



***** 



c 



208. 



Tlic: top ID unit 
state . 



will be ON whenever the FF is 



in tlie 



***** 



tn It 



■,00 . The FF "0" output is -"""f 

This ID will be ON only when the Ft is 






" 0 " 



***** 



2in. 



Now return to Figure 6: 

A signal from the CX takes the form of a positive going 
transition at the set input pin of the FF, changing the 
FF from the ”0” state to the state. 

***** 



tt jtt 



211 . 



As the flip flop changes from 
indicator light will *** 
light will *** 



”0" to "1”, 
and the ”1” 



the "0” 
indicator 



***** 



go OVlt 
come on 



212. Any further output signals from the Input Converter 

will not affect the flip flop. That is, the flip 
flop will "remember” this first event until it is 
instructed to "forget.” As might be expected, the 
"forget” signal here is the Special Reset Signal 
applied to tlie "Diode ” pin of the flip flop. 

***** 

reset 

213. Using Figure 32 as a guide, connect the memory circuit 

sliowii in Figvire 6. Remember to first turn the power 
supply to , if it is ON. 

***** 

OFF 



21M. When you have the circuit connected, turn tlie power 
supply to ON, and momentarily depress tlic CX-205 
"Reset” button. This insures that the flip flop will 
begin in the "0" state, as indicated by the lower ID 
light being ON. 



235. If the micro switch is not already plugged into the 

CX-2f)5 irnit. connect it now. Then momentarily depress 
tlic micro switcli button. This puts the flip flop into 

tiic state, as ID-3 (top light) is now ON and ID- 2 

(second liglit from top) is now OFF. 



***** 



" 1 " 



i|5 



216. A note on terminology should g"®g^^g^the'^full'^name ol‘ 
to unit types wi 1 f-V^p^^.o^^'^r^fircuit contains 

the unit, e.g., CX-cOb, t -fhese will be dis- 

more than one of one type of unit, these will n 

tinguished by a single digit, e.g., ID-1, ID-^. 

217. Now operate the micro switch again. ID-1 is still 

and ID-2 • 

***** 



ON 

OFF 



and 



218. Now operate the CX's reset again. ID-1 is now 

ID- 2 . 

Repeat this procedure until you are familiar with the 
sequence of events. 

***** 



219. 



OFF 

ON 

The l-unetion of this simple circuit is 

the flip flop can "re-nember events. ^ 

the "0” state, one input pulse^wa^ sufricient 

it to the "1” state, an event that it 

you reset it baek to ”0V 

***** 



’’remembered” 



220 . 



Turn )>owcr OFF ami remove 



all connecting wires. 



i|b 



Section 7.M - Division 



221. A second basic function of the flip flop is that of 

division bv two « Here the flip flop is connected for 
T operation. As was noted earlier^ a T is formed by 
connecting the set and reset input pins together . (See 
Figure 5) When the set and reset input pins are tied 
together, the flip flop is connected for operation. 

*Refer to Frames 201 and 202, if required 

***** 

T 



222. In T operation the flip Tlop will change states on 
every input pulse. If the Tlip flop begins in the 
"0” state, a positive going transition applied to 
' the T will leave it in the state. 

•A’**** 

TT JTT 



223. Refer to Figure 7, which shows a flip flop connected 
for division by two, i.e., it is connected for T 
operation. Each time the key is depressed a positive 
going transition will be present at the output of 
the . 



***** 



Input Converter (CX) 



224. If the flip flop begins in the ”1" state, momentarily 
depressing the key will deliver a positive transition 
to the T of the flip flop, causing it to go to the 
state. 



***** 



" 0 " 



225. The next time tlie key is depressed, the flip I loj) will 
go to tlie state. 



tT J^TT 



***** 



226 . 



In Fieure 7 indicator lights are connected to the "1" and 
"S- oSput pins. The top light, the "I" indicator wUl 
be ON whenever the flip flop xs in the =tate. 



***** 



tt Jtt 



227. The flip flop an^^rth 

two key closures, that is, it iiip ^ ^ _• 

between the ”0" and the "1" states each ^he key is 

closed If the flip flop starts in the 0 state, 
if 6 input pulses are received, thf"the xndxcat^ light 
associated with the "1" output will be lit times . 



o 



228. Figure 33 shows the interconnection for the "division by 
two" circuit of Figure 7 . Do the following. 

(l^ Make sure power is OFF. . 

m Connect the circuit as shown ^^Sure 33. 

^ Notice the short jumper wire between Pins 
F and J of the flip flop - this is the T 

interconnection. 

f3”) Turn power ON. . it 

(M) Reset the circuit by depressing the 
^ ^ button on the CX-2105. This insures that 
you are starting in the "0" state with 
the top ID OFF and the bottom ID ON. 



229. Momentarily depress the micro switch, 
now and the bottom one is . 



The top ID is 



*1* ata 



ON 

OFF 



230. 



Again depress and release the micro switch. ID-1 is 
now and ID- 2 is 



***** 



OFF 

ON 



98 




231 . 



As you can see, ID-1 will be ON once every 

input pulses, hence this is a division by 

circuit . 

Repeat depressing the micro switch until you are 
familiar with the sequence of events. 

***** 



two 

two 



232. Turn power OFF and remove all connecting wires. 



Section 7.5 - Binary Counter 

233. Tills ciivison by two function permits counting with 
logic vinits. For this we must use the base 2, or 
binary, number system. Figure 8 shows a counter 
using 5 flip flops, which can therefore count to a 
maximum of 31 (1 plus 2 plus M plus 8 plus 16) . 
Before beginning our analysis of the circuit assume 
that the ’’Reset” button has just been depressed -- 
this would insure that all Flip Flops would start in 
the state. 

***** 



” 0 ” 



23M. The first positive-going pulse from the Input 

Converter is received at the ”T” of the Lirst flip 
flop. This changes the state of the first flip 
flop from ”0” to . 

***** 



” 1 ” 



235. At this point we hrive o count ol' l-O-O-H-n, or J , 

indicating that wo have received .Injnit juilsi!. ^ 

Tlui second incoming pulse will change tlic lirst IJjp 
□ op Prom ”.l” back to . 



1 

” 0 ” 



***** 



I 



I 

I 

n 

n 

n 

n 

fj 

(j 

u 



236. But notice what happens as FF-1 goes from ”1” to ”0” 

in terms of the connecting wire from the ”0” output to 
the of the second flip flop: As might be expected, 

a transition signal is applied to the 

of FF-2. This changes the state of FF-2 from ”0” 
to ”1”, giving us a total count of O-l-O-O-O, or two. 

***** 

positive going 



237. The third input pulse is then received. Quite obviously, 

it immediately changes the state of FF-1 from to 

It cannot alter the state of FF-2, however, because no 
positive -going transition is applied to FF-2’s ”T”. 

This leave us, then with a count of or three. 

***** 

ttQtt 
tt J^tt 

11000 

238. Additional flip flops can be added to the basic binary 

counter as are necessary for any application. Adding 
two more flip flops would yield a capability of counting 
up to input events. 



***** 






127 



U 




1 



239. Figure 3M shows the interconnections for the binary 

counter shown in Figure 8. Connect the circuit as shown. 
Then turn the pov\fer ON and depress the CX’s "Reset” button. 
All flip flops are now . 



***** 



OFF ("0" state) 



/ \ 
t 

! ! 



Li 






2M0. Now depress the micro switch momentarily. Looking at the 
indicator lights built into the flip flop units, which 
f].ip flop(s) are ON now? . 



***** 



FF#1 



1 1 

Li 



50 



241. Depress the micro switch 7 more times. Now which flip 
flops are ON? _____ 



2M2. Depress the micro switch 7 more times. Now which flip 
flops are ON? 



2M3. Notice how we count here: 

n, oimal FF-1 FF-2 FF-3 FF-M FF-5 



FFl 2 3 M 5 
11110 

2'l'l. Depress the reset button on the CX-205 and repeat 
counting with the counter until you are familiar 
with its operation. 

2M5. Turn the power OFF and remove all connecting wires. 



***** 



FF#M 



***** 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 



1 

0 

1 

0 

1 

0 

1 

0 

1 

0 



0 

L 

1 

0 

0 

1 

1 

0 

0 

1 



0 

0 

0 

1 

1 

1 

1 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

1 

1 

1 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



How about 15? 



***** 
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1 

1 




D 

D 

D 

Q 

D 



I 



D 

D 

U 

U 

U 

u 




Section 7.6 - AND Gate 



2M6. Unlike the flip flop, which responds to positive-going 
transition states, the AND Gate responds to cont- - - - 
states. (See Figure 9) 

***** 

continuous 



2M7. The AND Gate permits specifying which input events are 
necessary for tlie generation of an output event. In a 
2-legged AND Gate (Figure 9a) , output event C will occur 
only if both input A and input B are simultaneously 
present. If either A or B is not present, output evfent 
C will occur. 

***** 

not 



2M8. On Figure OA: 

Let A be the presence of a green S^ light in a 
Skinner box. 

Let B be a bar pressing response. 

Let C be the delivery oT a food pellet. 

Then C v\;ill occur ONLY IF a bar pressing response 
(y is made in the presence of *** . 

***** 

a green light 

2M9. The function of the AND Gate can be illustrated by two 

switches connected in series. In the following diagram, 
in vvfliich a light and two switches are connected in 
series, it can readily be seen that the light will be 
ON, only if both switches are closed . 
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250 . 



In thG samG mannGr, an outpulr will not occur from the 
AND Gate unless all of its used inputs are . 

***** 



ON 



251. The AND Gate is ON at its output when all used inputs 
are ; it is OFF at its output when any used input 

is . 

***** 

ON 

OFF 



252. KutLc-.' tlio use of the word ’’used” in the preceeding 
Frames. Remembering that ON is defined by 0 volts, 
if an input is not use (nothing connected to it), 
this will be the same as having an ON signal applied to 
it (no voltage will be present) . 

253. Therefore, if an input is not used, it will always be 
ON - this way a 5-legged AND Gate can be used as a 

2, 3, or M-legged Gate with no problems. (Do you see 
now why they use the presence of voltage to define 
OFF, and no voltage to define ON?) 

25M . Figure Db shows the construction of a 5 -legged AND 
Gate using two 3-legged AND Gates. In this case an 

output will be present at h, only if inputs , , 

, , and are also present. 

***** 

a, b, c, f, g 



Section 7.7 - Logic Determination of a Predetermined 

Count 

255. Adding an AND Gate to our Binary Counter permits the 
’’Logic Determination of a Pre -determined Count.” 

That is, we can operate other logic or inter:l ncc units 
on the basis oT a predetermined number oT input events. 
For example: ”De3 iver a reinforcement after every 15 

bar-press responses.” Here a predetermined number 

of (15) will result in the delivery of 

cl reinforcement. 

***** 

input events (bar presses) 



1 

o 

ERIC 
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£?5G . 



Figure 10 shows the construction of a predetermining 
counter. It can be seen that an output will be 

generated by the AND Cate only when *** 

flip flops are in the ”1” state. 

***** 



the first four 



257. Figvire 10 is, of course, a binary counter exactly like 

Figure 8. After the first input from the CX, the count 
will be l-O-O-O-O, indicating that only FF-1 is in the 
”1” state. After the second count we will have O-l-O-O-O, 
with FF-2 in the ”1” state. After the third input, which 
FF(s) will be in the ”1” state? 

***** 

FF#1 FFw2 

258, Wlien the AND Gate output is ON, the ID will also be ON. 

This will occur only if input events have already 

occurred. 

***** 

15 



259. Figure 35 shows the interconnections required for the 

predetermining counter shown in Figure 10. Connect the 
circuit. Tlicn turn tlic power ON and depress the CX^s 

’’Reset” button. All flip flops are now in the 

state, 

***** 

” 0 ” 



260. After one response (press the micro switch momentarily) 
only FF # is ON. 

***** 

1 



2l»l . Al ter l ive I’csponses flip I’Jops and are ON. 



***** 



1 and 3 
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